A branchial epithelial membrane fraction, more than 20-fold enriched in Naf/K -ATPase activity when compared with the crude homogenate of the tissue, was obtained from adult freshwater American eels. In a membrane vesicle preparation that consisted of 33% inside-out, 23% right-side-out and 44% leaky vesicles, the accumulation o f45Ca2+was stimulated by ATP, but not by ADP. Accumulation of 45Ca2 was prevented when vesicles were pretreated with detergent or the Ca2+ionophore A23187; Ca2+ efflux was observed when the ionophore was added to actively 45Ca2 -loading vesicles. Oxalate did not affect Ca2+ accumulation in these vesicles. Kinetic analysis of the Ca2+-transport process by an Eadie-Hofstee plot revealed that the process is homogeneous; its kinetic parameters are a Ko.sfor Ca2+ of 0.053 /j M and a Vmax of 2.25 nmol Ca2'/min.mg protein (at 37 °C). The calmodulin dependency of this Ca2+ transporting process was shown by the inhibitory action of calmodulin antagonists and by the stimulatory effect of calmodulin repletion after EGTA treatment of the membranes.
INTRODUCTION
For their calcium requirem ents, freshw ater fish may ully depend on the calcium in their aqueous nvironm ent. Direct uptake of C a : , from the water takes place in the gills (5) . R eportedly, the m ajor Ca2+-influx in a trout isolated head preparation is ssociated with the chloride cells ( branchial epithelium (19) . In reports on C a 2+-dependent A T Pase activities in eel gill plasm a m em branes (2, 3) we advanced biochemical support for a d o m in an t role of the chloride cells in branchial C a : ' absorption.
M oreover, the hypercalcemic action of prolactin in the eel is associated with a specific stim ulation of a plasm a m em brane-bound, calm odulin-dependent, high-affinity C a 2+-A TPase, that we tentatively proposed to represent the biochem ical expression of the C a 24 pum p in the branchial epithelium (3) . F or freshw ater tilapia, Oreochromis mossambicus, we have recently show n that prolactin-induced hypercalcemia is, indeed, associated with enhanced branchial C a 2+influx (6) . However, to date there are no reports on C a 2+-translocating activity in fish gill plasma m em branes. D em onstration of active C a2+transport is necessary, since the transepithelial potential difference of approxim ately 20 mV, inside negative, reported for e.g. freshwater brow n trout (13) might account for passive C a 2+ uptake. This report, therefore, deals with the isolation and characterization of a m em brane fraction of eel gill epithelium and the dem onstration and quantitation of active C a 2+ transport in resealed vesicles prepared from these m em branes.
BIOLOGICAL MODELS
Yellow female eels, Anguilla rostrata LeSueur, with an average body weight of 1.3 kg, were obtained in the early sum m er of 1984 from a com m ercial fish dealer in Quebec city, Quebec, C anada. In the laboratory, the fish were kept in running de chlorinated O ttaw a city tapw ater (0.45 m M Ca, 12 °C) under a photoperiod of 16 hr of light alternating with 8 hr of darkness, until N ovem ber and D ecem ber 1984, when the experim ents were perform ed. The anim als were not fed.
MATERIALS AND METHODS

Isolation of plasma membranes
In MS-222 (6 g/ L, pH 7.4, adjusted with Tris) anesthetized eels, the heart was exposed and after cannulation of the ventral aorta the branchial apparatus was perfused with 40 ml ice-cold isotonic, heparin-containing (20 U/ ml) saline to clear the gills of blood cells. Dithiothreitol (DTT, 1 mM), ED TA (0.5 m M ) and aprotinin (100 U/m l) were included in the perfusion fluid to enhance enzyme recovery. Next, the branchial epithelium was scraped off onto an ice-cooled glass plate. All subsequent steps were performed at 0-4 °C. The scrapings of individual fish were disrupted (Polytron tissue homogenizer, equipped with a PCU Power control; setting 2, 2 min) in 15 ml of a hypotonic buffer containing 25 m M NaCl, 1 m M Hepes/Tris (pH 8), 1 mM DTT and 100 U /m l aprotinin. The volume was brought up to 50 ml and the homogenate (Ho) was centrifuged at 550 g for 15 min (Sorval RC-28) to remove nuclei and cellular debris (pellet, Po). M embranes were collected by ultracentrifugation of the supernatant (40 Krpm, 45 min, Beckman Ti 42.1 rotor). The pellet (PO thus obtained consisted of a firm brownish part well fixed to the wall of the tube and a fluffy layer on top of the former part. The brownish part of pellet Pi typically contained 80% of the total SDH-activity of the tissue. After mild shaking, the fluffy part of pellet Pi was removed and resuspended (100 strokes) with a Dounce homogenizer, with a loosely fitting pestle, in a total of 60 ml isotonic buffer containing 250 mM sucrose, 5 mM M gC l2, 5 m M H epes/Tris (pH 7.4) and 1 mM DTT. This m em brane suspension was centrifuged differentially: 1 Kg 10 min, 10 Kg 10 min (yielding P 2) and 30 Kg 30 min (Sorval RC-28). The final pellet ( P 3) was rinsed twice and subsequently resuspended by 10 passages through a 23-G needle in 0.5 -1 ml buffer containing 20 m M Hepes/Tris (pH 7.4), 5 m M M g C h a n d 150 mM KC1 (transport studies) or 150 m M NaCl (enzyme studies). These m em brane preparations contained approxim ately 4 mg/ ml bovine serum albumin (BSA) equivalents and were used on the very day of isolation without being frozen.
Enzyme assays
Protein was determined with a commercial reagent kit (Biorad), using BSA as reference. The marker enzymes used to characterize the membrane preparations were: N a+/ K h-ATPase for basolateral plasma membranes, succinic acid dehydrogenase (SD H) for mitochondrial fragments (for assay conditions see 2), NA D H -dependent cytochrome-c reductase for endoplasmic reticulum (17) , N A D PH -dependent cytochrome-c reductase for smooth endoplasmic reticulum (20) and thiamine pyrophosphatase (TPPase; 16) for Golgi membranes. C a24-ATPase was assayed in the presence of oligomycin B (5/ig/ml) and sodium azide (NaN3, 5 mM), at 1 fjM Ca2 X , using a 1 mM capacity C a2+-buffer system (0.5 mM EGTA + 0.5m M HEDTA). Free C a2+-concentrations were calculated according to van Heeswijk et al. (11) .
Vesicular space and membrane orientation
Uptake of D-(14C)-mannitol (Amersham international pic) was measured in the C a24transport medium (without 45Ca) to which 100/jM mannitol plus 8.33/iC i/m l 14C-mannitol had been added. The minimum am ount of protein in this case was 30 /jg per filter.
Resealing of membrane vesicles was substantiated by the fact that SDS treatment of the membranes abolished their ability to accumulate mannitol. The vesicular space for eel gill plasma membranes calculated on the basis of vesicle mannitol content at equilibrium was 2.21 /il/m g protein, a value comparable to the one reported for rat ileal plasma mem brane vesicles (22) . The steady accumulation of mannitol for at least 2 hr further suggested that no deterioration of the vesicle tightness for mannitol occurred for prolonged incubation times in the C a: -uptake medium.
Resealing of m embrane vesicles was further analyzed by measuring the effects of detergents on enzymic activity of the N a +/ K +-ATPase complex. The percentage inside-out orientated vesicles was derived from the increase in ouabain-accessibility upon detergent treatment (ouabain site on the exterior of the cell's plasma membrane) of sealed vesicle preparations, according to Van Heeswijk et al., (11) . Assuming rapid permeation of K 4 but not of ouabain through the vesicular membranes the detergent induced increase in ouabainaccessibility -determined via the ouabain-sensitive K+-NPPase activity -reveals the portion inside-out orientated vesicles of the total vesicle population.
Vesicle C a 2+ uptake assays
A TP-dependent C a24 transport was determined by means of a rapid filtration technique as described by Van Heeswijk et al. filters with retained radioactivity were dissolved in 0.7 ml 2-methoxyethanol, 8 ml of aqualyte (Fisher) was added and the radioactivity determined in an LKB rackbeta LSC, equipped with a dpm -program .
When 10 mM oxalate was introduced into the C a : ' transport assay buffer system, the C a2+ buffering properties of oxalate were taken into account in calculating the free Ca~* concentration, which was 1/iM in these experiments. For the evaluation of the effects of oxalate on vesicular C a 2+uptake, a solubility of 0.0071 g CaC204/l (at 37C; I = 0.15 M) was used (21).
Calmodulin antagonists R24571 and C 4 8 /80 were dissolved in ethanol (100%) and brought to the required concentration in the assay medium (not exceeding 0.1% v/v ethanol). Membrane samples were preincubated with inhibitors or solvent for 15 min at 37C. Ethanol-treated samples served as controls. All assays were performed in plastic tubes. The C a 2+ionophore A 23187 was tested at 10/ig/m l assay medium.
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Hormonal control of epithelial transport EGTA treatment consisted in resuspension of the P3 pellet with a loosely fitting Dounce homogenizer (100 strokes) in 15 ml 20 mM Hepes/Tris (pH 6.8), 100 mM KC1 and 5 mM EGTA; membranes were collected by centrifugation and subsequently washed two times with the basic assay medium (without ATP and Ca24 buffer system). 
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RESULTS
Membrane isolation and vesicle resealing
As show n in Table I , the procedure applied in this study to isolate plasm a m em branes from eel branchial epithelium yielded a m em brane fraction highly enriched in the plasm a m em brane m arker N a +/ K +-A TPase, with only m inor contam inations of endoplasm ic reticulum, Golgi m em branes or m itochondrial fragments. The C a 2+-A T Pase activity in the purified fraction was 6.36 =b 0.62 /vmol P./ hr.m g protein and the ratio to N a r/ K +-A T Pase was I to 12.8 (± 4 .2 ). As show n in Table II (Table III) indicates that 59% of the resealed m em branes are inside-out orientated. The m em brane preparation consists, therefore, of 33% inside-out, 23% rightside-out and 44% leaky vesicles.
Ca 2+accumulation in plasma membrane vesicles
As show n in figure 2, accum ulation of C a 2+ in m em brane vesicle preparations was A TP-, but not A D P -dependent and largely prevented or reversed when the C a 2"io nophore A23187 was added prior to or during C a 2+uptake m easurem ents, respectively. A decrease in the C a 2+ buffer capacity from 1 mM to 50 /iM , thereby decreasing the total Ca concentration from 4.73 X lO^to 2.51 X 10'5 M, did not affect the initial (1 min) C a 2+uptake rates at 1 / j M C a 2 frt e , indicating that the non-ionic Ca concentration did not affect the C a 2+ transport system. 
Ca.uptake (nmol/mg prot.) t (min)
F i g u r e 3. -Effects of 10 mM oxalate on Ca2+uptake by eel gill plasma membranes. A ------A uptake in the absence of oxalate; ■------■ uptake in the presence of oxalate. Mean values ± S.D. are given for 4 experiments. Over a 20 min period no statistically significant difference was observed between Ca2+uptake in the presence or in the absence of oxalate (P < 0.5). C a^c = 1 /iM.
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Hormonal control of epithelial transport T a b l e IV. -Calmodulin dependency of Ca2+transport rates in eel gill plasma membrane vesicles. Table IV sum m arizes the results on calm odulin dependency of the C a 2+transport process. E G T A treatm ent of the P 3 m em branes significantly decreased the initial C a 2+ transport rates at 1 fiM C a 24from 3.52 to 1.20 nm ol C a 2+/m in .m g protein (P < 0.001). The calm odulin antagonists R24571 and C 48/80 did not affect E G T A -treatm ent m em branes, but significantly inhibited C a 2+ transport rates in ''u n treated " plasm a m em branes (P < 0.001). The addition of calm odulin to the assay m edium ( 1 0 /ig/m l) did not affect C a 2+transport rates in ''u n treated " plasm a m em branes, but restored C a 2+transport rates in E G T A -treated m em branes to a level com parable to the transport rate observed in ''u n treated " m em branes. The addition of calm odulin and R24571 did not affect C a 2+transport rates in E G T A -treated vesicles. W e conclude from these results that E G T A treatm ent of the m em branes removes endogenous calm odulin and that the C a 2" transport process is calm odulin-dependent.
DISCUSSION
The present data substantiate the presence of an A T P-driven C a 2+p u m p in plasm a m em branes of eel branchial epithelium. Studies on rat enterocytes (9) and kidney cortex (14, 11) have show n that a similar A TP-energized C a 2 H p u m p is typical for the basolateral plasm a m em brane fractions of these tissues. In fish gills active tran sp o rt of ions is concentrated in the chloride cells (3) . M ost N a +/ K +-A T P ase activity is located in a system of branched m em brane tubules that is continuous with the basolateral m em branes (12) . Since the C a 2+ transport system reported in this paper occurs in the N a +/K^-A T P ase enriched fractions of the tissue, we suggest that it is located in the tu b u lar system and basolateral
plasma m em branes of the chloride cells in the gill epithelium. The dem onstration of this C a 2+transport m echanism in chloride cells supports our recently presented model for transbranchial C a : ' transport (7).
Membrane isolation
Plasma m em branes were isolated using a previously described m ethod with modifications (2). A Polytron tissue hom ogenizer instead of a D ounce hom ogenizer for the initial disruption of the tissue was used, E D T A was omitted in the isolation buffers (to im prove resealing of the m em branes); the bulk of the m itochondria was mechanically separated from the ''fluffy" m em branes prior to differential centrifugation. These modifications led a to a more than 10-fold decrease in m itochondrial contam ination in the final m em brane fraction. In order to inhibit any contribution from m itochondrial A T Pase activities, NaN.^and oligomycin were always included in the media used for the study of C a 2+-A TPase activity.
The 23.3-fold enrichm ent of Na 7 K^-A TPase activity is roughly 3 times lower than the 61.9-fold enrichm ent we have reported previously for eel gill plasm a m em branes (2). This discrepancy, however, apparently derives from the fact that in the present study enrichm ent factors were calculated exclusively on the basis of enzymic specific activities determ ined in detergent-treated samples. On the average, detergent treatm ent of the tissue hom ogenates (Ho) enhanced Na'7 K/'-ATPase activities 2.5 times;
clearly, omission of detergent in determ ining N a " /K +-A T Pase in Ho would lead to a 2.5-fold overestim ation of its enrichm ent in P 3. The Na 7 K +-A T P ase specific activities in the present m em brane preparation, however, com pare well with those reported previously (3) for eel gill plasm a m em branes (79.54 and 71.3 fjmol Pi/ hr.m g protein; respectively). We conclude, therefore that both m em brane fractions were enriched in plasm a m em branes to a similar extent.
The N a 7 K +-A TPase activity in our m em brane preparation purified 13-, 18-and 26-fold with respect to T P P ase, N A D H cyt-c reductase and N A D P H cyt-c reductase, respectively. A lthough the co n tam inatio n with fragm ents of Golgi ap p aratu s and endoplasm ic reticulum (both m ay contain Ca 2+ transport A T P ase activity; 1, 14, 8 ) in our m em brane preparatio n is small, such contam inations could result in a overestim ation of the capacity of the plasm a m em b ran e C a 2+tran sp o rt system. M oore et al. (14, 15) reported for rat kidney and liver significantly higher affinities for C a 2+of the plasm a m em brane C a : p u m p than for the one of the m icrosom al C a 2+ pum p. Should this difference in affinities hold true for the C a 2+ pum ps in the respective m em b ran e fragm ents of eel gill tissue as well, one would predict a C a : tran sp o rt process with two affinity sites for C a 2+in significantly contam ined m em b ran e preparations. However, kinetic analyses of the C a 2" tran sp o rt process in our m em b rane prep aratio n s of eel gill tissue show a single class of binding sites with very high affinity for C a2+ (0.053 /iM ). M oreover, m icrosom al membranes generally are perm eable to oxalate (14) . The fact that our m em branes proved to be im perm eable to oxalate also supports our thesis that the contam ination with endoplasm ic reticular or Golgi m em branes is insignificant with regard to the C a 2+ transport process. It seems fair, then to state that this C a2+ transport process reflects plasm a m em brane C a2+ translocation activity.
Van Heeswijk et al. (11) estimated on the basis of ouabain accessibility tests that around 15% of the plasm a m em brane vesicles of a rat kidney cortex preparation were inside-out orientated. W ith the same test we found 33% inside-out vesicles in the eel gill m em brane preparation. This value com pares well with the 30% inside-out vesicles reported for an essentially similar m em brane vesicle preparation of tilapia gills (7); the latter value was derived from the effects of detergents on the activities of acetylcholine esterase (exoenzym e) and glyceraldehyde-6-phosphate dehydrogenase (endoenzyme).
C a 2+ uptake
The A T P -dependent C a 2f uptake process of eel gill plasm a m em brane vesicles resembles in m any of its attributes the C a 24 transport systems described for plasm a m em brane of e.g. rat kidney cortex (11, 14) or rat gut (9): C a 2+accum ulation is prom oted by ATP, but not by A D P ; the C a 2+ tran sp o rt process is hom ogeneous, while half-m axim al stim ulation of the C a 2+ transport occurs at intracellular C a24 concentrations; C a 2+accum ulation is prevented by the C a 2i ionophore A23187.
The very high affinity (0.053 yuM C a 2+) derived for the C a 2+ transport process in eel gill plasma m em branes closely resembles the ones reported for high-affinity C a : A T Pase (0.063/iM ) and C a:~ transport (0.13 /iM ) in tilapia gill plasm a m em branes (7) . Such high affinities are indicative of calmodulin dependency of the C a : transport process. F or tilapia gill plasm a m em branes it was show n that radioim m unoassayable calm odulin is present in the C a 2 transporting m em branes (7) . Calm odulin dependency of the high affinity C a 2+-A T Pase activity -the presum ed enzymic correlate of the C a 2+ pum pin eel gill plasm a m em branes has been established previously (3).
C alm odulin dependency of the ATP-energized C a 2+ p u m p could be firmly established in the present study.
E G T A treatm ent of m em branes and calm odulin antagonists had com parable effects on C a ?+tran sp o rt rates. M oreover, calm odulin repletion restored C a 2+ tran sp o rt rates in EGTA-treated m em branes to levels observed in ''untreated" m em branes, which indicated that the lipophilic calm odulin antagonists and the C a 2'-chelating E G T A did not affect C a 2+ accum ulation by interference with vesicle tightness (E G T A treatment had no effect on vesicular space either; results not shown). If we assum e that E G T A treatm en t removes essentially all calm odulin from the m em branes, we can state that the C a 2+tran sp o rt activity observed
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Hormonal control of epithelial transport after this treatm ent reflects basal, calm odulinindependent C a 2+-A TPase activity. This contention is further supported by the observation that 10*7M R24571 does not affect Ca transport rates in EG TA -treated m em branes, but fully antagonizes the stim ulatory action of calm odulin on C a 2+ transport rates in these m em branes. The effects of higher concentrations of R24571 (lO'M) and C 48/80 (50/ig/m l) suggest that these inhibitors at these concentrations also affect basal, calm odulinindependent C a2+ transport. Identical results were obtained with R24571 for C a :+-A TPase activities in eell gill plasma m em branes (3).
The observed m axim um C a 2, transport rate in the plasma m em brane fraction of eell gills (2.25 nmol C a 2+/ min.m g protein) is lower than the value for rat kidney cortex preparations reported by Van Heeswijk et al. (7. 4 nm ol C a 2+/m in .m g protein; 11) but surpasses the values reported by Gmaj et al. for a com parable kidney preparation (1.04 nm ol C a :+/m in .m g protein; 10) or the value found for tilapia gill plasma m em branes (0.07 nm ol C a 24/m in .m g protein; 7). Procedural as well as species-and organ-specific differences may underlie these variations. Also, differences in percentages of inside-out vesicles in the different preparations will contribute to these variations (none of the values given above was corrected for % inside-out vesicles). For tilapia, a com parison m ade between in vivo branchial C a : ' influx rates and the C a 2+transport capacity calculated on the basis of in vitro studies on m em brane preparations, gave support for a physiological significance of the gill C a 2 pum p in the process of uptake of C a 2+from the water. A lthough no data are available yet on in vivo branchial C a 2+ influx rates, the capacity of the eel gill plasm a m em brane C a 2+ pum p w arrants an involvem ent in the process of branchial Ca:+ uptake from the water. We consider passive transport of C a 2+ in the gills unlikely: it is bound to follow paracellular routes and this is not com patible with the extrem ely low permeability to C a 2+that has been dem onstrated for the branchial epithelium (18) .
